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Abstract 
The capacity of experienced teachers to help  students construct knowledge depends heavily on the tactful blending of content 
and pedagogy, which is conceptualized as pedagogical content knowledge (PCK). This study investigated the teachers’ 
understanding and practice, which comprise three Biology teachers’ PCK.  In this research, the participants demonstrated their 
PCK through the process of writing a content representation (CoRe), actual teaching in the classroom, and discussion with the 
researcher during interviews. The results showed that all three teachers lacked adequate content knowledge in Biology and had 
some difficulties in their classroom teaching of the subject. Their inability to design appropriate instructional and assessment 
activities is also a matter of great concern. It is suggested that there is an urgent need to improve the Biology teachers’ teaching 
methods, while promoting their better understandings of the fundamental purposes of science education, the curriculum and the 
content of the subject. 
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1. Introduction 
In the process of developing competent citizens in society, teachers have an important role in educational reform and 
science education (ONEC, 2001 : Pitiyanuwat, 2004 ; Roadrangka, 2004). In Thailand, teachers are considered the 
most important and essential component in the teaching and learning process occurring in classroom, so they are 
widely accepted as the heart of learning reform (Office of Rajabhat Insitute Council, 2002). Thus they play an 
important role in facilitating the development of students who are considered as an indicator of success in economy, 
society, politics, education, culture, science and technology development (Pornsrima, 2002) and an important 
resource of the nation in the future (Secretariat of the Teacher Council, 1994). Therefore the success of educational 
reform depends on the quality of teachers and their cooperation and Thailand attaches great importance to improving 
the status and quality of teachers and education personnel.  
Pedagogical content knowledge (PCK) 
The term PCK while debated by many researchers. PCK is an important concept in science education. The highly 
specialized form of professional knowledge is embedded in individual teachers’ classroom practice and is rarely 
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articulated within the teaching community of practice. Geddis (1993) described PCK as a set of attributes that 
helped someone transfer the knowledge of content to others. According to Shulman, it includes “most useful forms 
of representation of these ideas, the most powerful analogies, illustrations, examples, explanations, and 
demonstrations-in a word, the ways of representing and formulating the subject that make it comprehensible to 
others” (Shulman, 1987, p.9). 
In addition, Shulman (1987) suggested that PCK is made up of the attributes a teacher possess that help her/him 
guide students towards an understanding of specific content, such as industrial design, in a manner that is 
meaningful. Shulman argued that PCK included “an understanding of how particular topics, problems, or issues are 
organized, presented and adapted to the divers interests and abilities of learners and presented for instruction” (1987, 
p.8) 
PCK is a unique knowledge processed only by individuals within the profession of teaching, and consequently 
the concept of PCK is useful to help teachers’ understandings of what teachers know, what teachers ought to know, 
and how they might develop it (Baxter and Lederman, 1999; Park, 2005). Magnusson et al. (1999) conceptualized 
pedagogical content knowledge  for science teaching as consisting of five components : orientations towards science 
teaching, knowledge of curriculum, knowledge of curriculum, knowledge of assessment, knowledge of students’ 
understanding of science, knowledge of instructional strategies. 
2. Purpose of the study 
This study examines the nature of a biology teacher’s pedagogical content knowledge (PCK). The research 
objectives is expressed through the research question: What are the understandings and practices of biology 
teacher’s PCK? 
3. Methodology/Experimental Design 
This study constitutes a report of case-study method  used to look at how mentor science teachers conceptualized 
their own PCK that impacted their teaching practice. According to Merriam (1998), this research method is the best 
vehicle for providing intensive descriptions and analyses of a single unit or bounded system such as an individual, 
program, or group (p. 19).  
Participant 
     The participant in this study was 3 biology teachers who was teaching at the secondary school level (10th grade 
students) in public school under Secondary Educational Service Area Office 24. To protect her privacy she was 
given pseudonyms, Miss Malee, Miss Napa and Miss Sopha. 
 
     Malee’s Background Information 
     Miss Malee was 31 years old. She was an experienced biology teacher with 6 years of teaching experience 
leading in to 2012 academic year. She taught at Kalasinpittayasan School, Thailand, a public school which is funded 
by the government. She completed a Bachelor’s degree of Biology at Khon Kaen University,Thailand  , a Grad 
Diploma of Teaching Science Professional at Khon Kaen University, Thailand. In the 2012 academic year, she 
taught biology for 15 hours per week. She taught general Science in 7th grade for 3 hours and classroom counseling. 
In this study, classroom observations were conducted with a class of 10th grade students. There were 54 students, 
comprised of 30 females and 24 males.  
     Napa’s Background Information 
     Miss Napa was 27 years old. She was an experienced biology teacher with 4 years of teaching experience leading 
in to 2012 academic year. She taught at Kalasinpittayasan School, Thailand, a public school which is funded by the 
government. She completed a Bachelor’s degree of Biology at Khon Kaen University, Thailand, a Grad Diploma of 
Teaching Science Professional at Khon Kaen University, Thailand and Master’s Degree of Science Education at 
Khon Kaen University, Thailand. In the 2012 academic year, she taught biology for 12 hours per week. She taught 
general Science in 7th grade for 3 hours and classroom counseling. In this study, classroom observations were 
conducted with a class of 10th grade students. There were 50 students, comprised of 26 females and 24 males.  
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Sopha’s Background Information 
Miss Sopha was 25 years old. She was an experienced biology teacher with 1 year of teaching experience leading 
in to 2012 academic year. She taught at Kalasinpittayasan School, Thailand, a public school which is funded by the 
government. She completed a Bachelor’s degree of Biology at Mahasarakham University, Thailand, a Grad Diploma 
of Teaching Science Professional at Rajabhat Mahasarakham University, Thailand. In the 2012 academic year, she 
taught biology for 15 hours per week. She taught general Science in 7th grade for 3 hours and classroom counseling. 
In this study, classroom observations were conducted with a class of 10th grade students. There were 55 students, 
comprised of 35 females and 20 males.  
      Data Collection 
     The researcher visited teachers in school and had conversations with the school administrators regarding the 
study plan. The researcher took the questionnaire to 3 biology teachers. When they completed a  questionnaire and 
they were interviewed. After one week, the research observed and video recorded teaching in her classroom. When 
they finished teaching, the researcher interviewed students in classroom. After that, the research interviewed 
teachers by using a semi-structured interview and voice recorded the interview. In this research, classroom 
observation, individual interview, questionnaire, inquiry based lesson plan, written reflection are preferred to assess 
all teachers‘ PCK with their thinking, actions, and reasons in the specific context and setting. The researcher used 
the extent and nature of PCK in relation to the Magnusson et al. (1999) model as illustrated in their PCK. This 
study employed a multiple case research design, the data analysis methods began with within-case analysis and 
followed by cross-case analysis. Triangulation was used to describe the idea that the researcher tried to construct an 
explanation by using more than one or multiple sources of data. 
4. Results and Discussion 
The teachers’ understanding and practice of PCK were analyzed according to 5 components: orientations toward 
science teaching; knowledge of curriculum; knowledge of assessment; knowledge of students’ understanding of 
science; knowledge of instructional strategies. 
4.1 The Case Study of Malee 
Orientations towards science teaching 
Malee said that the most important goal for her was to help students understand science content and get high 
scores on national examinations. “…I would be proud of my students if they have good understanding of science 
content and they could get high score in science from school test for their opportunities in higher education (Malee’s 
interview). She thought that the scientific method consisted of only one approach and the method needed to be step-
by-step for acquiring the knowledge. 
Knowledge of curriculum 
Malee explained about curriculum as, “…I used science curriculum standard provided by The Promotion of 
Teaching Science and Technology (IPST) more frequently than the school-based curriculum because I would like to 
make sure that my students learn and cover every science topic that is in the curriculum.” She commented that the 
content in the Science Curriculum Framework was very general. Most people might understand about the 
curriculum but did not know how to bring this into a real classroom. She referred to school-based curriculum that 
she had never used it for preparing her teaching.  
Knowledge of assessment 
The classroom observation showed that Malee’s major method of assessing was checking students’ worksheets 
completed by students. Students had to finish their worksheets at the end of the class. She used paper and pencil test 
to assess the students’ understanding of organelle in animal cell. As Malee stated “…It is easy to know that my 
teaching is successful or not from checking students’ score. I always used multiple choice tests to assess students’ 
development in learning science” (Malee’s reflective written). 
Knowledge of students’ understanding of science 
Classroom observation illustrated that Malee directed students to do learning activities in worksheets and guided 
students to formulate hypotheses, do experiments, collect data and formulate conclusion. She assigned students to 
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read from her reading sheets to get ideas and then she explained the concepts at the end of class. In her lesson plan, 
Malee did not elicit student prior knowledge in teaching about organelle in animal cell. She did not identify what 
students’ prior knowledge and students’ alternative conceptions.  
Knowledge of instructional strategies 
In Malee classroom, she used cell pictures to motivate students’ interest at the beginning. She used yes-no 
questions to ask students and sometimes, when the students could not answer her questions, Malee delivered the 
right answers for students. She did not probe her students’ prior knowledge of the organelle in animal cell. After that 
she assigned the students to read from their textbooks and complete the questions from her worksheets. She 
expected the students to learn the concept by listening to her explanation. 
 
4.2 The Case Study of Napa 
Orientations towards science teaching 
Napa’s expectations for teaching and learning science that she also realized the students were not only learning 
science in classroom. They could learn science from outside of the school and they should be able to bring their 
knowledge to solve the problems related to their daily life. As she mentioned during the interview, “…In my 
opinion, I think that students’ understanding of scientific knowledge and having scientific skills are my major goals 
and purposes for teaching science.” 
Knowledge of curriculum 
Napa said that her learning and teaching science were based on school science curriculum because she created it. 
As she mentioned this through interview; “…when I prepare my lessons, I always study the national science 
curriculum standard in aspects of what science concepts and scientific processes that the students should learn in 
their grade level” (Napa’s interview). However, she did not note that students should be motivated to learn science 
in the aspects of scientific attitude and attiude toward science as her goals. 
Knowledge of assessment 
Napa used assignments and students’ answers in worksheets to assess students’ conceptual understanding. 
Students’ work was checked only for classroom participation. In addition, questions were often used when teacher 
interacted with students during classroom observation. Napa was not concerned on how or why the students 
answered as they did. 
Knowledge of students’ understanding of science 
Napa mentioned that inquiry teacher had roles including motivator, activity director, guide, facilitator and 
lecturer. As Napa explained “…I think inquiry-based teaching and learning should focus on student’s role. I think 
the teacher should not be a main director in the classroom. The teacher should be a facilitator or an assistant” 
(Napa’s interview). In practice, Napa motivated student’s interest, designed learning activities, guided students how 
to do the activities. However, students did not play the role of mind-on investigators. Students did not analyze data 
on their own. 
Knowledge of instructional strategies 
Napa thought a teacher should introduce an inquiry based lesson by motivating student’s interest. She noted 
stimulating student’s curiosity through discussion. As Napa explained, “…In this class, my students are asked with 
open-ended questions for motivating them to be interested in my lesson. The questions are related to student’s 
experience in their daily lives”. With regards to Napa’s teaching, she used discussion and examples of some 
experiments to stimulate student’s curiosity. However, both experiment and demonstration were devised by the 
teacher. She did not ask students to share ideas regarding the design of the investigations. 
 
4.3 The Case Study of Sopha 
Orientations towards science teaching 
In the expectations of Sopha for teaching and learning science, she showed that the students should learn science 
in aspect of understanding of science content, having science process skills and apply science in to daily life. The 
result from classroom observation showed that Sopha taught mainly using lecture and experiment. With regard to 
her purposes for teaching science the goals were not aligned with her practice. She wrote science concepts on the 
blackboard and assigned the students to remember the concepts for answering the questions in Sopha’s worksheet. 
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Knowledge of curriculum 
Sopha commented about National Education Act that “I understand what content I should teach the students but 
still did not know how to bring this into a real classroom practice”. She explained about science curriculum, “…I 
use the science curriculum standard provided by IPST more often than the school based curriculum because I would 
like to make sure that my students learn science topics that is in the national curriculum. 
Knowledge of assessment 
Sopha understood that paper test could show much the students learned and accomplished in biology. She did not 
assess students’ learning covering her purpose for student learning such as science process skills, scientific attitudes. 
Paper-and-pencil tests were utilized to assess the student’s understanding. She mentioned that she collected 
student’s works and scores to grade student’s outcomes. 
Knowledge of students’ understanding of science 
In classroom, Sopha designed the learning activities, motivated students’ interest, posed question, guided students 
how to do the activities. Even though Sopha engaged students’ interest by asking students, students’ responses to her 
question were not paid much attention too. Her understood that the inquiry based teaching and learning. Sopha did 
not understand the teacher as an activity director. As she stated; “…In my lesson plans, my role was a facilitator. 
Students are active learners. I help them when they did not understanding about investigations. I had to tell them 
what they should do”. 
Knowledge of instructional strategies 
Sopha expressed that she struggled with how to sequence the learning activities related to science content. In 
practice, Sopha introduced her inquiry-based lessons by motivating student’s interest, clarifying the main questions 
and providing the concepts of study. Sopha understood that students should learn science in groups. As she stated; 
“…For me, group work is related to cooperative learning which is an approach to organized classroom activities in 
to social learning experiences. The finding indicated that her practice was not compliant with her understanding. In 
practice, students sat in group but they did not work cooperatively. Even though each student had a specific duty in 
his group, such as the head of group, students did not play their roles and duties in groups.  
 
5. Conclusions 
     The three teachers did not have full understanding and practice of PCK. They rarely focused on prior knowledge 
and learning. The most focused learning activities were based on lectures. They were frustrated with the ideas of 
students-centered teaching. The three teachers indicated that the students should learn the science concepts from 
textbooks or teacher’s explanations before doing investigations. They formulated conclusions for students or had 
students make conclusions on their own without sharing their conclusions with others. They especially paid more 
attention to paper-pencil tests and worksheets for evaluating student’s learning at the end of a course. They mainly 
used the Science Curriculum Framework as teaching and learning resource. The findings indicated that the teacher’s 
instructional practice was somewhat different from their beliefs. The three teachers understood what that they should 
implement their teaching and learning science based on educational reform. However, they abandoned many aspects 
in their classrooms because they did not have colleagues to consult and to discuss with. In this manner, the further 
development of teacher’s PCK could be supported as they learn from their practice. It is suggested that there is an 
urgent need to improve the Biology teachers’ teaching methods, while promoting their better understandings of the 
fundamental purposes of science education, the curriculum and the content of the subject. 
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